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[57] ABSTRACT

A unitized polycrystalline composite diamond stud type
drag bit cutter having no high temperature braze of a
PDC wafer to a carbide stud is disclosed. The diamond
cutting surface may be planar, convex, curved or a
truncated cone. The unitized construction of the cutter

eliminates the problems associated with the high tem-
perature brazing of a PDC wafer to a carbide stud.

9 Claims, 2 Drawing Sheets
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1
DIAMOND DRAG BIT CUTTING ELEMENTS

CROSS-REFERENCE TO ELATED
APPLICATION

This application 1s related to a previously filed patent

application entitled Polycrystalline Diamond Compact,
filed Mar. 3, 1993 as U.S. Ser. No. 026,890.

BACKGROUND OF THE INVENTION

I. Field of the Invention

The present invention relates to diamond drag bits.

More particularly, this invention relates to diamond
cutting elements for diamond drag bits.

I1. Description of the Prior Art

Polycrystalline diamond compacts (PDC) have been
effectively used for cutters on drag bits while dnlling

soft earthen formations in petroleum and mining explo-
ration for more than a decade.

The most common cutter type used in PDC drag bats
is classified 1n the drilling industry as a “stud” type
PDC.

For example, a typical stud type PDC cutter is illus-
trated in FIG. 6 and FIG. 7 of U.S. Pat. No. 4,776,411
assigned to the same assignee as the present invention
and hereby incorporated by reference.

Practically all stud-type PDC cutters used, to date,
have been manufactured as two piece units. A thin layer
(approximately 0.030” to 0.040") of polycrystalline
diamond 1s chemically/metallurgically bonded to a face
of a much thicker (approximately 0.150” to 0.190")
right cylinder wafer of cobalt cemented tungsten car-
bide. This integral diamond/carbide compact is then
brazed to a cobalt cemented tungsten carbide modified
cylindrical stud or post at an angle of between 15° to 20°
from the vertical axis of the stud. The top surface of the
stud is typically radiused to conform to the diamond/-
carbide wafer cylindrical surface and relieved rear-
wardly normal to the diamond surface.

Although PDC stud type cutters, as currently manu-
factured, serve a very useful purpose, there are many
disadvantages in their manufacture and application.

The flat on the stud to which the PDC wafer is
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brazed and the carbide side of the PDC wafer must 45

have extremely fine ground surfaces to affect a braze of
necessary strength. These grinding operations are time
consuming and costly.

The bonding of the PDC wafer to the carbide stud 1s
fraught with many variables that are difficult to control.
The braze temperature is significantly higher than the
thermal degradation temperature of the diamond table
and the bond interface of the diamond and carbide.
Therefore, the diamond has to be protected by a com-
plicated heat sink apparatus that is difficult to control
during the braze cycle. A high reject ratio is inherent in
this process lowering output and driving up costs. The
actual braze quality is difficult to determine even with
the most sophisticated non-destructive testing equip-
ment available. An undesirable level of less than good
brazes go undetected and wind up as PDC cutter fail-
ures in the field. The brazing process can also cause
incipient and premature failure of the bond of the
diamond layer to the carbide wafer which also will
show up as a PDC cutter failure in the field. It is also
difficult to braze a PDC cutter wafter that has two or
more carbide particle/diamond particle transition lay-
ers that have a high cobalt level because the high differ-
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ential in thermal expansion causes the PDC layer to
crack during the braze cycle.

A new stud type PDC cutter is disclosed that elimi-
nates the need to braze a PDC wafer to a tungsten
carbide stud, thereby obviating the problems and inade-
quacies described above in current PDC stud design
and processes.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
stud type PDC cutter that does not require a braze of a
PDC wafer to a tungsten carbide stud.

More specifically, it is an object of the present inven-
tion to provide a stud type PDC cutter that has a thin
polycrystalline diamond layer directly bonded to a pre-
formed planar or non-planar surface on a tungsten car-
bide stud using the high pressure/high temperature
diamond tape cast process described in U.S. patent
application Ser. No. 026,890.

The present invention is directed to a method of
producing a polycrystalline diamond composite stud
type cutter that requires no braze, preferably using the
techniques and processes commonly referred to as “tape
casting” in conjunction with high pressure/high tem-
perature (HP/HT) diamond synthesis technology. Tape
casting technology is commonly used in the electronics
industry to fabricate ceramic coatings, substrates and
multilayer structures. Tapes of various materials can be
produced by Doctor Blade Casting Process or by High
Shear Compaction Process, a proprietary process by
Ragan Technologies, a division of Wallace Techmical
Ceramics, Inc., 11696 Sorrento Valley Road, Suite D,
San Diego, Calif. 92121. The two tape process has been
successfully used to produce products. Some of the
basic advantages of High Shear Compaction Process
over Doctor Blade Process are as follows: (1) non-
uniform density; (2) higher green density; (3) process
flexibility in controlling thickness, surface finish; and (4)
higher reliability and flexibility. Diamond layers and
composites can also be beneficially made by tape cast-
ing methods. Fine diamond powder is mixed with a
temporary binder. The binder can be natural or syn-
thetic high molecular weight substances such as
starches, alcohols, celluloses and polymers. The
diamond powder/binder mixture is milled to a homoge-
neous mass then rolled into strips (tapes) of the desired
thickness and width, then dried to remove volatile car-
riers. The green tape is strong and flexible enough to be
handled. The tape may be cut into the necessary shapes
to conform to a tungsten carbide substrate geometry
where it is temporarily glued. This assembly 1s then
placed in a refractory metal HT/HP reaction mold and
heated in a vacuum to drive off the temporary binder.
The mold assembly is now placed in a HT/HP diamond
synthesis apparatus to sinter the diamond grains to-
gether and bond the diamond mass to the carbide sub-
strate.

The present invention consists of a diamond insert
stud cutter for a rock bit. Each cylindrical stud cutter is
preferably formed from tungsten carbide. The body
forming a first cylindrical base end, and a second cutter
end having at least one diamond layer directly bonded
to a pre-formed surface formed by the second cutter
end. The diamond layer is formed by a high pressure,
high temperature sintering process. The pre-formed
surface may be angled negatively with respect to an axis
of the stud body 5° to 30° with a preferred angle of 20°.
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It should be understood that cubic boron nitride par-
ticles, or other ultra hard material particles, may be used
In lieu of diamond particles in the fabrication of tape
castings in the above described process to manufacture
a brazeless stud type cutter.

For certain applications or cutter geometries, it may
be advantageous to use other means than tape cast pro-
cesses to bond an ultra hard material mass to a carbide
substrate surface to form a brazeless cutter. For exam-
ple, a method may be injection molding of diamond,
cubic boron nitride or other ultra hard particles ad-
mixed with a binder into a mold cavity containing a
pre-formed carbide substrate. This assembly would then
be sintered under high pressure/high temperature con-
ditions to form a brazeless cutter.

Another method may be extrusion of a hard particle/-
binder mass into a pre-form for subsequent high press-
ure/high temperature sintering to a carbide substrate.

Another method may be the placing of loose ultra
hard particles into a mold cavity containing a pre-
formed carbide substrate for subsequent high pressure/-
high temperature sintering to the carbide substrate.

Diamond tape cast methods are described in previ-
ously filed patent application entitled Polycrystalline
Diamond Compact, filed Mar. 3, 1993 as U.S. Ser. No.
026,890 heretofore noted.

Diamond tape cast variations have been furnished to
the present inventor for high pressure/high temperature
evaluation by Ragan Technologies, Division of Wallace
Technical Ceramics, Inc., 11696 Sorrento Valley Road,
Suite D, San Diego, Calif. 92121.

An advantage then, of the present invention over the
prior art, is the direct bonding of a thin polycrystalline
diamond layer to a pre-formed surface of a carbide stud.
The foregoing process eliminates the need to braze a
PDC wafer to a tungsten carbide stud thereby eliminat-
ing a potential low strength braze, high residual stresses
at the PDC wafer/carbide stud interface and thermal
damage to the diamond layer due to the brazing pro-
Cess.

Another advantage of the present invention over the
prior art is direct bonding of a diamond layer to a planar
or non-planar surface of a carbide stud which allows
more flexibility in cutter design, such as curved cutter
surfaces for more efficient cutting action and greater
strength.

Still another advantage of the present invention is
that 1t provides a more rigid carbide backing for greater
strength as the carbide stud is continuous with no braze
interruption.

Yet another advantage of the present invention over
the prior art is multiple transition layers of varying
percentages of diamond and tungsten carbide particles
may be directly bonded to a carbide stud surface to
provide superior impact strength of the diamond table
and the bond line.

The above-noted objects and advantages of the pres-
ent 1mvention will be more fully understood upon a
study of the following description in conjunction with
the detailed drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a partial cross-section of a prior art cylindri-
cal stud type polycrystalline diamond compact drag bit
cutter,

FIG. 2 and exploded view FIG. 2g are partial cross-
section of an embodiment of the present invention illus-
trating an ultra hard planar composite layer of polycrys-
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talline diamond directly bonded to a flat surface formed
on a cylindrical tungsten carbide stud.

FIG. 3 1s a frontal view of FIG. 2 showing an essen-
tially circular polycrystalline diamond layer bonded to
a flat surface formed on a cylindrical carbide stud.

FIG. 4 1s a side view of an embodiment of the present
invention which is an oblique or skewed cylinder hav-
ing a thin composite layer of polycrystalline diamond
bonded to a curved frontal surface formed on the tung-
sten carbide stud.

FIG. 5 1s a top view of FIG. 4 showing a curved
polycrystalline diamond layer bonded to a curved fron-
tal surface of an essentially cylindrical tungsten carbide
stud.

FIG. 6 1s a partial cross-section of an embodiment of
the present invention showing a cylindrical tungsten
carbide stud having a truncated conical cutting end
with a compostte polycrystalline diamond layer bonded
to the conical surface.

FIG. 7 is an 1sometric view of FIG. 6 showing a
diamond layer bonded to the truncated conical surface
of the tungsten carbide stud.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS AND BEST MODE FOR
CARRYING OUT THE INVENTION

With reference to the prior art FI1G. 1, a partial cross
section of an insert cutter, generally designated as 10,
illustrates a polycrystalline diamond stud type cutter for
drag type dnll bits. A thin cutting composite layer of
polycrystalline diamond 14 is chemically and metallur-
gically bonded to a cylindnical tungsten carbide sub-
strate 16 under high pressure/high temperature
diamond synthesis conditions. Subsequently, the rear-
ward side 23 of substrate 16 is ground to a flat polished
surface and 1s then attached by a high temperature braze
18 to ground flat surface 22 on carbide stud 24 which is
formed at a rearward angle from 15° to 20° relative to
axis 26 of carbide stud 24. The preferred rearward angle
1s 20°,

FIG. 2 is a partial cross section of a diamond drag bit
cutter and 1s an embodiment of the present invention
which 1s generally designated as 30. A cylindrical tung-
sten carbide stud 32 has a pre-formed flat 34 that is
rearwardly mchined 5° to 30° from a stud axis 33 (angle
A). The top surface 35 of stud 32 forms, for example, a
radius which becomes tangent to the side edges of flat
34. A thin planar composite diamond cutting layer 36 is
formed on flat 34 of stud 32 using high pressure/high
temperature diamond synthesis conditions. This creates
diamond to diamond bonding and bonding of diamond
composite layer 36 to carbide stud flat 34. As shown in
exploded view 2a of FIG. 2, it is generally desirable to
form, by diamond tape cast methods, composite
diamond layer 36 as a gradient of diamond and pre-
cemented tungsten carbide particles. For example,
90-100% diamond particles would compromise outer
layer 40 then reduce to approximately 509%—50%
diamond and carbide particles in middle layer 41. Inner
layer 42 1s compromised of 90-100% carbide particles.
This produces a composite diamond layer 36 with very
low residual stresses coupled with a very hard and wear
resistant outer surface 40 as an integral part of cutter 30
having no braze.

FIG. 3 is a front view of FIG. 2 and shows the essen-
tially circular planar composite diamond layer 36 chem-
ically and metallurgically bonded to pre-formed but not
necessary precision ground flat 34 of stud 32.
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FIG. 4, another embodiment of the present invention,
generally designated as 50, is an oblique or skewed
cemented carbide cylinder 32. A pre-formed formed
curved frontal surface 56, which slopes rearwardly
5°-30° in reference to stud axis 58, has a relatively thin
(0.010"-0.050 ") non-planar polycrystalline diamond
layer 54 bonded thereto under high pressure/high tem-
perature diamond synthesis conditions. The composite
diamond layer 54 is preferably fabricated by using
diamond tape cast methods. This produces a cutter 50
having very low residual stresses and an ultra hard and
wear resistant cutting surface 54 without the use of an
undesirable braze.

FIG. 5 is a top view of FIG. 4 showing a curved
polycrystalline diamond surface 54 bonded to a pre-
formed curved oblique surface 56 of tungsten carbide
stud 52 The diamond layer 54 i1s inclined rearwardly in
relation to stud axis 58 terminating at apex 55. Top
surface 57 of carbide stud body 52 is formed essentially
perpendicular to curved surface 56 and intersects the
edges of diamond layer $54. This forms heel clearance
for diamond cutting layer 54 while the cutter works in
a borehole.

FIG. 6, another embodiment of the present invention,
1s a drag bit cutter 60 having a cylindrical tungsten
carbide body 62 and a truncated conical cutting end
surface 64. Cylindrical cutter body 62 forms a truncated
conical surface 66 to which a thin layer of polycrystal-
line diamond 64 has been chemically and metallurgi-
cally bonded using high pressure/high temperature
diamond synthesis techniques. This forms an integral
unit with carbide body 62. The angled surface 68 is
formed by directing an EDM cut into the conical sur-
face layer 64 about 90° to the surface. This creates the
desired leading cutting edge 65 and the top trailing edge
surface 68. The angled surface 68 being at an oblique
angle to an axis 63 giving cutting edge 65 heel clearance
while dnlling. Cutter 60, so formed, has very low resid-
ual stresses and requires no potentially deleterious
braze. While the diamond layer 64 on the trailing coni-
cal surface of cutter 60 plays no part in the drilling
action, bonding of a composite diamond layer 64 to the
entire conical surface 66 before the truncation proce-
dure simplifies the manufacturing process. It also pro-
duces superior diamond layer properties (64).

FIG. 7 1s a perspective view of FIG. 6. It illustrates
the diamond layer 64 bonded to the carbide substrate
66. Also it shows the cutting edge 65 formed by the
EDM cut.

It should be noted that a single layer or multiple
layers of diamond may be utilized in fabricating the
above described embodiments to meet the needs for
field application or for ease of manufacture.

It should also be understood that other ultra hard
materials, such as cubic boron nitride particles, may be
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used in lieu of diamond particles to form the ultra hard
cutting layers of all the above embodiments.

It will, of course, also be realized that various modifi-
cations can be made in the design and operation of the
present invention without departing from the spirit
thereof. Thus, while the principle preferred construc-
tion and mode of operation of the invention have been
explained in what is now considered its best embodi-
ments, which have been illustrated and described, it
should be understood that within the scope of the ap-
pended claims, the invention may be practiced other-
wise than as specifically illustrated and described.

What is claimed is:

1. An insert stud cutter comprising;

a tungsten carbide cylindrical body, said body form-
ing a first cylindrical base end, said second cutter
end having at least one ultra hard layer directly
bonded to a pre-formed surface by said second
cutter end, said ultra hard layer may comprise one
or more layers of tape cast matenal.

2. The invention as set forth in claim wherein hard

layer may comprise injection molded materal.

3. The invention as set forth in claim 1 wherein said

ultra hard layer may comprise extruded material.

4. A diamond insert stud cutter for a rock bit compris-
Ing;

a tungsten carbide cylindrical body, said body form-
ing a first cylindrical base end, and a second cutter
end, said second cutter end having at least one
diamond layer directly bonded to a pre-formed
surface formed by said second cutter end by a high
pressure, high temperature sintering process, said
pre-formed surface is a truncated cone.

5. The invention as set forth in claim 4 wherein said
diamond may comprise one or more layers of diamond
tape cast material sintered to said pre-formed surface.

6. The invention as set forth in claim 4 wherein said
diamond may comprise injection molded diamond ma-
terial sintered to said pre-formed surface.

7. The invention as set forth in claim 4 wherein said
diamond may comprise extruded diamond material sin-
tered to said pre-formed surface.

8. An insert stud cutter for rock bits comprising;

a tungsten carbide cylindrical body, said body form-
ing a first cylindrical base end, and a second cutter
end, said second cutter end having at least one
layer of Cubic Boron Nitride directly bonded to a
pre-formed surface formed by said second cutter
end by a high pressure, high temperature sintering
process, said pre-formed surface 1s a truncated
cone.

9. The invention a set forth in claim 8 wherein said

Cubic Boron Nitride may comprise one or more layers
of Cubic Boron Nitride tape cast material sintered to

said pre-formed surface.
* * X% X %
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